The use Hirsch's h-index as a joint proxy of the impact and productivity of a scientist's research work continues to gain ground, accompanied by the efforts of bibliometrists to resolve some of its critical issues, through the application of a number of more or less sophisticated variants. However, the literature does not reveal any appreciable attempt to overcome the objective problems of measuring h-indexes on a large scale, for purposes of comparative evaluation. Scientists may succeed in calculating their own hindexes but, being unable to compare them to those of their peers, they are unable to obtain truly useful indications of their individual research performance. This study proposes to overcome this gap, measuring the h-and Egghe's g-indexes of all Italian university researchers in the hard sciences, over a 5-year window. Descriptive statistics are provided concerning all of the 165 subject fields examined, offering robust benchmarks for those who wish to compare their individual performance to those of their colleagues in the same subject field.
Introduction
The h-index was first introduced as a "measure" of the accomplishments of an entire scientific career 2 . However, many scientists cannot resist the temptation to use it to measure their performance in research-in-progress and compare it with that of their peers. While it is true that the h-index has the attraction of providing a joint measure of the productivity and the impact of a scientist's work, and while the index is quite readily measurable for a single author, this is not at all the case if one wishes to extend the measurement to a population of scientists in a subject field, sufficiently numerous to offer a robust benchmark. Otherwise there is no explanation of why there are still no statistics for the h-index by subject field, as there are for other measures such as average citations per article, where Thomson Scientific calculates the pertinent data for each subject category. Just as for an elite runner, a scientist will not be content to know only his or her own results, because the drive to improve is partially dependant on the opportunity to compare with one's peers. Such comparisons are even more essential for the decision maker who, to allocate resources in an efficient manner, must not only compare scientists within the same subject field, but also among different subject fields.
The elite runner will also want to know if peers' results have been achieved under similar conditions (wind, altitude, etc.) . In terms of scientists' production, the analogous need is one of knowing if the period of comparison is the same, if the more than one scientist participated in the output (co-authorship), and if the resources used and the potential economic rents were the same. The numerous variants of the h-index (and variants of the variants) that follow one another in the literature represent attempts to perfect the indicator, rendering it as objective and representative of scientific performance as possible. Without evaluating their merits, we cite three examples: i) the individual hI-index normalized by the average number of co-authors in the h core, introduced by Batista et al. (2006) , subsequently refined by Schreiber (2008) who introduced the fractionalized counting of the papers in his hm-index, to take into account co-authorships; ii) the generalized h-index proposed by Radicchi et al. (2008) , in which, to permit comparability of the index among different disciplines, the citations of each article are normalized by the average number of citations per article in the subject category of the article under observation; iii) the g-index, which, to take into account the citation evolution of the most cited papers, represents the highest number g of articles that together received g 2 or more citations (Egghe, 2006a; Egghe, 2006b ).
Among the bibliometrists who continue to formulate ever more sophisticated indicators of performance, there are few who actually take on the difficulties of their subsequent measure. As is well known by those who devote themselves to author searches in bibliometric databases such as the Web of Science (WoS) of Thomson Reuters or Elsevier's Scopus, the problem of homonyms 3 among the scientist names makes the measure of indicators such as the h-index highly uncertain and unreliable, unless it is the author oneself who is calculating his or her own index. For this reason, Bornmann and Daniel (2007) recommend "calculating the h-index on the basis of a complete list of publications that is authorized by the scientist himself or herself".
However, a full-scale application of this recommendation would be difficult to accomplish, because the manual extraction of the publications identified by the individual authors would be extremely time-consuming, as would be the process of each author checking that others had made the correct selection of his or her own publications, assuming that all the authors would be available to take on the task. In addition, one would have to depend on the accuracy and honesty of individual scientists in not listing publications that could be erroneously attributed to them. When the audit company KPMG conducted audits of publication lists submitted by universities, for the 1997 Australian research assessment exercise, the examination found a high error rate (34%). KPMG also found that 97% of the errors affected final scores, and therefore also funding allocations (Harman, 2000) . For greater significance, the current analysis proceeded by dividing the field of observation according to the formal "scientific disciplinary sectors", or SDSs of the Italian university system, in which each scientist belongs. The study refers to all hard science SDSs (165 in total) where at least 50% of the scientists had published at least one scientific article in the period under examination. These SDSs are in turn grouped into nine formal "university disciplinary areas", or "UDAs" (details of the classification 5 The harmonic mean of precision and recall (F-measure) for identifying authorship, as disambiguated by our algorithm, is around 95% (2% margin of error, 98% confidence interval this period, provided they remained in the hard sciences, the scientist was "assigned" to the SDS to which he or she belonged at the close of 2005.
Results
The 6,064 scientist found to have a null h-index (or g index) were excluded from further analysis. Of these, 4,970 had not produced any publications in the period under observation and 1,094 were authors of publications that had not received any citations.
The distribution of the indicators is summarized by statistics for the quartiles, average and variance. and the mean is always 3. For these same UDAs, the average g index oscillates between 3.38 for Mathematics and computer sciences and 4.52 for Agricultural and veterinary sciences. The situation is much different for the other UDAs, where the value for the first quartile is never less than 3 and the median never less than 6. The average oscillates between 7.37 for Biology and 9.18 for Chemistry, and the maximums between 43 for Physics and 58 for Biology and Medicine.
[ Table 1] [ Table 2 ]
At a greater level of detail, the analysis by single SDSs also reveals significant unevenness within the UDAs. As an example, [ Table 4 ]
The above statistics demonstrate significant heterogeneity in the distribution of the h-index values, and also of those for the g index, both for scientists of the various UDAs and scientists of different SDSs within the same UDA. We wish to further investigate this aspect of heterogeneity, which is particularly relevant if such indicators are used for comparative evaluation of non-homogenous groupings, precisely as in the situation of comparing researchers from different UDAs or from different SDSs of the same UDA. Table 5 presents the ranges for descriptive statistics (median and maximum) of the distributions for h-index recorded for all the researchers from all SDSs in each UDA. In
Mathematics and computer sciences, the median oscillates between 1 and 2, while the maximum value is between 6 and 13. The SDSs of Civil engineering and architecture
show an analogous trend. In contrast, for Biology and Medicine the medians show ranges of 5, oscillating between 1 and 6 for the Biology SDSs and from 2 to 7 for the Medicine SDSs. These UDAs also show the widest variation in maximums: 27 for medicine and 26 for Biology.
[ Table 5 ]
Going on to the statistics for the individual SDSs of each UDA ( Table 6 ) it emerges that in all nine of the SDSs of Mathematics and computer sciences, the first quartile is always 1 and the median never exceeds 2. Once again, the situation for Civil engineering and architecture is similar. In Physics, this flattening towards lower levels is not seen for any SDSs, while only one of the 11 Chemistry SDSs has a first quartile of 1. In Biology there are two of 19 SDSs in which the first quartile is 1, while there is only one case where the median is less than or equal to 2.
[ Table 6 ]
The same analysis, repeated for the g index, does not offer substantial differences, but confirms the significant differences among UDAs in terms of heterogeneity of performance (Table 7) . If anything, the variability among the SDSs increases, even for those UDAs that resulted as particularly homogenous in the h-index analysis. In
Mathematics and computer sciences, the median g index for its nine SDSs oscillates between 2 and 3, while the maximum varies between 10 and 47. In Physics, Chemistry, Biology and Medicine we once again see the extreme heterogeneity among the SDSs, with ranges for the median of 5, 4, 6 and 9, respectively. In the Physics UDA, in particular, none of the seven SDSs register a first quartile of 1 or a median of less than 3 (Table 8) .
[ Table 7 ]
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Discussion and conclusions
In this work we have presented some statistics descriptive of the distribution of values of h-index and g index registered for all scientists in the hard science areas of the Italian university system, over a 5-year window. This data provides useful information for those who wish to compare their own performance with that of colleagues in the same subject field, provided they are suitably aware of the methodological assumptions involved in the dataset and the elaborations developed. The results of the analysis show significant variability in the characteristics of the distributions for the various scientific sectors, reflecting the well known fact that different sectors show different intensity of both publication and citation.
The literature has previously raised the issue of varying intensity of citations, with a number of studies examining and resolving it, especially through normalizations to the sectorial averages. To reduce the distortion provoked by varying intensity of publication, which would favor scientists employed in the more "fertile" sectors when comparisons are conducted at the individual level, studies have proceeded by limiting their analysis to homogenous groups of scientists. The current study has instead examined an entire heterogeneous national population, but with consideration of the official scientific disciplinary sector to which each researcher belongs. But it is also likely that the scientists in any given SDS sometimes carry out research in other subjects, and thus also publish in those fields. For example "statisticians" could both work in the subject field of "statistics and probability", and also in fields where this discipline is used as a tool to meet objectives of other disciplines (computational biology, epidemiology, applied physics, etc.), which could be fields offering There is an evident need for deeper investigation that analyzes the critical issue of varying sectorial intensity, in both publication and citations, and proposes a new indicator that reduces its distorting effects. On one hand, the needs for administrative efficiency may explain the adoption of simple evaluation systems and indicators (such as the h-index), but on the other hand these can have unacceptable collateral effects. It is those who are directly concerned, namely the researchers, who will demand that any systems of evaluation for the productivity and quality of their scientific work, regardless of simplicity, also be transparent, exhaustive and trustworthy. 
